Urea kinetics were measured using primelintermittent oral doses of ['SN15N]urea, on five separate protocols in thirteen normal young women. Each woman underwent either two or three study protocols. Measurements were made at day 12 and day 22 of the menstrual cycle, whilst consuming their habitual protein intake in seven women not taking the contraceptive pill and in six women taking the contraceptive pill. In three woman taking the pill, and three not taking the pill, urea kinetics were measured whilst taking a diet in which the intake was restricted to 55 g proteinld. There was w difference in the rate of urea production, urea excretion or urea hydrolysis between the women taking the pill and those not taking the pill at day 22. In the women not taking the pill there was no difference in any measure between day 12 and day 22. In the women taking the pill there was a significant difference in the disposal of urea N to excretion or hydrolysis on day 12 compared with day 22, with a relative decrease in excretion and enhancement of hydrolysis at day 12 compared with day 22. On the restricted diet, an intake of 55 g proteinld represented 77 % of the habitual intake and urea production, excretion and hydrolysis were reduced to about 84% of the rate found on the habitual intake. In paired studies the reduction in urea production was statistically significant, and there was a statistically signilkant linear relationship between urea production and either intake or the sum of intake plus hydrolysis. The within-individual variability for urea production was about lo%, for excretion 15% and for hydrolysis 44%. The between-individual variability for intake was about 17% on the habitual intake. The variability for production, excretion and hydrolysis (14, 13,36 %) was less in the women not taking the contraceptive pill than in those taking the pill (23,32,42 YO respectively). The variability was reduced on the controlled low intake of 55 g protein compared with the habitual intake. These results confirm the wide variability in aspects of urea kinetics between individuals. In women this variability is not, to any large extent, accounted for by changes associated with the menstrual cycle.
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luteal phase and a further decrease to menstruation. Indicative of intake, and as well as the obvious potential influence of menstrual losses on N metabolism, there is also evidence for more complex modification of intermediary N metabolism throughout the cycle (Calloway & Kurzer, 1982;  Gallant et al. 1987 ; Bisdee et al. 1989) .
Dynamic measures are needed to give a more complete picture of protein status. Protein turnover has been measured in a number of studies (De Benoist et al. 1985 ; Garrel et al. 1985 ; Fitch & King, 1987;  Grove & Jackson, 1991) . In the studies of Garrel et al. (1985) there was some control for the phase of the menstrual cycle and Grove found evidence of an increase in protein turnover premenstrually .
Human subjects can accommodate a wide range of protein intakes and central to the mechanisms involved in this accommodation are aspects of the metabolism of urea (Waterlow, 1968 (Waterlow, , 1985 ; . There is little information in the literature on urea kinetics in normal, non-pregnant women. Hibbert & Jackson (1991) reported repeated measurements of urea kinetics in a single woman on an adequate intake of N. The day of the cycle was noted, but there was no evidence that this might have contributed to variability in the measurements. Urea kinetics were measured in a group of vegetarian women and there was wide variability between women, which was attributed to the wide differences in protein intake (Bundy et al. 1993) . As a part of a study on pregnant women, Forrester et al. (1994) measured urea kinetics in a group of normal Jamaican women. The results for urea kinetics in women have not in general been different from those for men, but for each group the data show wide inter-individual variation. The basis of the variation is not clear, but in women the stage of menstrual cycle and the use of a contraceptive pill are potentially important.
Since the publication of the report of the expert consultation carried out by the Food and Agriculture Organization/World Health Organization/United Nations University (FAO/ WHO/UNU) (1985) , which led to the most recent set of international recommendations, there has been heightened controversy over a number of aspects of the recommendations. One of the most active debates surrounds our understanding of the requirements for amino acids and hence protein. We have been interested to note the extent to which the process of the salvaging of urea-N by the metabolic activity of the colonic microflora might make N available to the host, thereby modifying the need for dietary N (Jackson, 1995) . This is a complex area and in order for understanding to move forward there is the need to be able to understand the important factors which might contribute to variability in response within and between individuals. In the present paper we have measured urea kinetics in women under different conditions to identify the extent to which the stage of the menstrual cycle, and the use of the contraceptive pill, might contribute to the variability.
METHODS

Subjects and experimental protocols
The studies were carried out in thirteen women aged 21-37 years, with each woman undergoing either two or three study protocols (Table 1) . Seven underwent two, and six underwent three protocols. Ethcal approval for the studies was given by the joint ethical subcommittee of the Southampton Hospitals and South West Hampshire Health Authority. The women gave consent to their participation after the nature of the investigations had been explained to them. They were all in good health at the time of the studies. The outline of the protocols for each subject is given in Table 1 . The timing of all studies was taken from the first day of the last menstrual period. All the women using an oral contraceptive were taking a low-dose oestrogen contraceptive pill. Protocol 1. In seven women (A-G) urea kinetics were measured whilst they were taking their habitual diet. None of the women was using a contraceptive pill and the studies were carried out on day 12 of the cycle. Protocol 2. In seven women (A-G) urea kinetics were measured whilst they were taking their habitual diet. None of the women was using a contraceptive pill and the studies were carried out on day 22 of the cycle.
Protocol 3. In six women (I-N) urea kinetics were measured whilst they were taking their habitual diet. All of the women were using a contraceptive pill and the studies were carried out on day 12 of the cycle.
Protocol 4 . In six women (I-N) urea kinetics were measured whilst they were taking their habitual diet. All of the women were using a contraceptive pill and the studies were carried out on day 22 of the cycle.
Protocol 5. In six women (A-C, I-K) urea kinetics were measured whilst they were taking a diet which provided 55 g protein/d. Three of the women were taking the contraceptive pill at the time of the study. There was no control for the day of the cycle on which the study was carried out. Diets For each protocol the diet was derived from ordinary foodstuffs and was provided in the form of five isonitrogenous meals of similar energy content each day. The food was prepared and delivered to the subjects' homes. The diets for all groups were composed of similar types of foods and designed as far as possible to mimic habitual eating patterns. The 06.00 and 09.00 hours meals consisted of breakfast cereal, fruit juice and toasted bread. At 12.00 and 15.00 hours sandwiches, biscuits and fruit juice were provided. A ready-prepared meal from a reputable commercial outlet was provided at 18.00 hours and was usually based on pasta taken with a salad. Drinks were provided to suit individual taste. Flexibility in the choice of menu items was allowed to take account of individual preferences. Measures of food intake were coded and analysed for energy and protein content using a computerized database (Microdiet, University of Salford, Greater Manchester). Similar foods were eaten by all the women and there were no obvious differences in intake in relation to the contraceptive pill. The NSP intake between the groups was similar, although this was not tested formally.
In Protocols 1-4 an estimation of habitual dietary intake was determined on the basis of a 3 d weighed food record which comprised two week days and one weekend day. Each subject received an intake of energy and protein similar to their habitual intake. In Protocol 5 an estimation of habitual dietary intake was determined based on a 24 h recall. Each subject received her habitual intake of energy, but the protein content of the diet was restricted to 55 g/d, the recommended daily allowance (RDA) for the UK at the time (Department of Health and Social Security, 1979).
Measurement of urea kinetics
Each study protocol lasted for a 2 d period with urea kinetics being measured using the primejintermittent oral presentation of [15N15N]urea, with collections of urine during the final 24 h of the period. At 21 .OO hours on the first day of the study the subject emptied her bladder. A specimen of urine was collected for the measurement of baseline enrichment. After 3 h, at midnight, a priming dose of ['5N15N]~rea, 28.5 mg (99% atoms 15N, Cambridge Isotope Laboratories, MA, USA), equivalent to 15 h of intermittent infusion was given orally to shorten the time taken to achieve a plateau in isotopic enrichment in urinary urea. From 06.00 hours single doses of [l5Nl5NIurea, 5.5 mg were administered at intervals of 3 h until 15.00 hours. Urine was collected immediately before the administration of the first dose of isotope and at intervals of 3 h from 06.00 until 21.00 hours. An accurately known amount of [15N'6N]~rea was made up in sterile water and kept on ice until ready for use. Analyses All specimens of urine were collected into acidified containers and stored frozen until later analysis. The concentration of urea and NH, in urine was measured using the Berthelot method (Kaplan, 1965) and urea-N was isolated from urine for mass spectrometry using short ion-exchange column chromatography (Jackson et al. 1980) . N, gas was liberated from urea by reaction with alkaline hypobromite. In this reaction N is released from urea in a monomolecular reaction (Walser et al. 1954) , and hence the relative proportions of [15N15N]urea, [lSN14N]urea and ['4N'4Nl~rea can be determined. Measurements were carried out in a triple collector isotope-ratio mass spectrometer (SIRA 10, VG Isogas, Winsford, Ches.).
Calculations Following the prime/intermittent presentation of labelled [15N'5N]~rea an isotopic steady state is achieved in urinary urea. At this point the dilution of label gives a measure of the rate at which urea is being produced endogenously in the body (Pu). The rate of urea excretion in urine can be measured directly (Eu), and from this the rate at which urea is being hydrolysed (T) by the colonic microflora and the urea-N salvaged for further metabolic interaction can be calculated (T = Pu-Eu) (Jackson et al. 1984) .
Comparisons between groups of data were carried out using the paired t test or ANOVA, and differences were considered to be statistically significant for a value of P < 0.05. Results are reported as the mean and the standard deviation.
RESULTS
All the studies were completed satisfactorily. A total of thirty-two measurements of urea kinetics were made in thirteen women with six of the women having measurements made on three separate occasions. The women ingested the diets or kept the weighed records as planned and successfully collected urine samples for the time periods specified.
Plateau enrichment in urinary urea was identified by visual inspection with a satisfactory plateau achieved in all the studies. In protocols 1 and 2 and protocols 3 and 4 a comparison was made for the effect of stage of menstrual cycle, as the only difference in the study design was the day of cycle on which the measurements were made. A comparison for the effect of the use of a contraceptive pill was possible between protocols 1 and 3, and protocols 2 and 4, as the women were selected according to their usage of a contraceptive pill. A comparison for the effect of intake of protein was possible between protocol 5 and protocols 1,2, 3 and 4, as the protein content of the diet in protocol 5 was lower compared with the habitual diet taken in protocols 1, 2, 3 and 4. Table 2 shows the urea kinetics for each individual for each of the studies on day 12 and day 22 of the cycle on the habitual intake, and on a restricted intake of 55 g protein. The CV for N intake, urea production and excretion was 17-19 YO, and for urea hydrolysis 29 YO (see Table 5 ). Of the N derived from urea hydrolysis, 26 YO was returned to urea formation and 74 YO retained within the metabolic N pool. The CV for intake plus hydrolysis was 3 YO. Table 3 shows a comparison of urea kinetics between day 12 and day 22 of the menstrual cycle between the group not taking the contraceptive pill and those taking the contraceptive pill on a regular basis. For the group as a whole there were no differences in any aspect of urea kinetics between day 12 and day 22. Similarly there were no differences between day 12 and day 22 in the group who were not taking the contraceptive pill. In the group taking the contraceptive pill, however, there was a significant difference in the disposal of urea N between day 12 and day 22. In this group of women a significantly greater proportion of the urea produced was retained on day 12 than on day 22 of the cycle. As a group, the women on the contraceptive pill tended to have a lower protein intake, but this difference did not reach statistical significance. Most aspects of urea kinetics were similar between the two groups, other than the relative disposal of urea N in the women on the contraceptive pill on day 12 of the cycle who hydrolysed a greater proportion of urea production than any other group (47 % of production, compared with 32-38 % of production). There was a close relationship between urea production and the sum of urea intake and hydrolysis, so that on average production was about 78-80% of intake plus hydrolysis (Fig. 1) .
In Table 4 a comparison is drawn between the urea kinetics on an habitual intake of dietary protein and those when the dietary protein was restricted to 55 g/d. The subgroup of six who were studied on the controlled, lower protein intake tended to have higher habitual intakes than the total group from which they were drawn. There were no differences in urea kinetics in the subgroup between days 12 and 22 of the cycle. The 55 g protein diet contained about 77% of the protein taken habitually. On this diet, urea production was decreased to about 84% of that seen on the habitual diet, as was urea excretion and urea hydrolysis. Although these differences did not reach statistical significance when compared with the group as a whole, there were significant differences when paired comparisons were made for the subjects on the 55 g protein diet. Compared with the restricted group, urea production on day 12 just failed to reach a conventional level of statistical significance ( P = 0.052), but did for day 22 (P = 0-015), as did the mean for days 12 and 22 (P = 0.012). When urea production in the restricted group was compared with all the values on day 12 and day 22, for the same subjects in an unpaired test, there was a highly statistically significant difference (P = 0*0084). There was a strong linear correlation between N intake and urea production for all the measurements, Fig. 1 (r 0-695, P = 9.98 x The relationship was even stronger between the sum of N intake plus hydrolysis and urea production (r 0.83, P = 4.31 x lo-'). Table 5 summarizes the variability in the measurements of urea kinetics within individuals. On habitual diets the variability in the protein intake between the study on day Table 1 and pp. 200-202. (n 6) (n 6) (n 6) Mean average 8 % (range 0%19 %). There was much wider variability in urea excretion (mean 16 YO, range 2-32 YO) and urea hydrolysis (mean 30 %, range 2-88 YO), and for each the variability was greater in the subjects taking the contraceptive pill than those not on the pill. In protocols 1 and 2 the variability between individuals for intake was 20%, and 16 % for protocols 3 and 4. For protocols 1 and 2 the variability in urea production and excretion was about 12-16 %, and for urea hydrolysis about 35 %. In protocols 3 and 4 the variability was greater, for urea excretion about 23 YO and for urea hydrolysis about 42 YO. Controlling the intake of protein reduced the variability in intake to 9 % and in production to only 6 %, with excretion and hydrolysis being about 30 YO and 25 YO respectively. 
DISCUSSION
This series of studies was designed to measure urea kinetics in healthy young women, to establish if values were similar to those of men, to consider some of the factors which may contribute to variation in the measurements and to quantify the extent of this variation between and within the women studied. As a point of reference, urea kinetics were measured when the women were receiving 55 g protein, equivalent to the RDA at the time, which represented a 23 YO reduction in their habitual protein intake.
The results show that in free-living women, taking their habitual intake of protein, there was little effect on urea kinetics of the time of the menstrual cycle at which the measurements were made. In general there was very little difference between women who were taking the contraceptive pill compared with those who were not, except that in the women taking the contraceptive pill there was decreased excretion and enhanced hydrolysis of urea at about day 12 of the cycle. When the protein intake of the women was restricted to 55 g/d (about 77 % of habitual), there was a less marked reduction in urea production, excretion and hydrolysis (about 84% of that on the habitual diet). In paired comparisons there was a significant reduction in urea production on 55 g protein/d compared with the habitual intake, for both day 12 and day 22. There appeared to be a progressive fall in production with intake over the range of protein intakes studied (Fig. 1) . The results for urea kinetics (expressed as mg N/kg per d) were similar to those obtained for nonpregnant Jamaican women by Forrester et al. (1994) , and by Hibbert & Jackson (199 1) ( Table 6 ). The results in women were also similar to those found in men in the UK (expressed as mg N/kg per d) (Langran et al. 1992; Danielsen & Jackson, 1992) .
For each protocol in the present study, urinary urea was approximately 70 YO of N intake, and urea production was 100-120% of intake.
The values obtained for within-individual variation and between-individual variation were similar to those reported by Hibbert & Jackson (1991) for repeat measurements in one woman and considerably less than the variability reported by Walser & Bodenlos (1959) in a group of men. The least variation amongst individuals was seen for urea production during protocol 5, where the intake of protein was controlled at 55 g protein/d. Even here, there was much greater variability in urea excretion and urea hydrolysis. Overall, the variability in urea production is much less than would have been expected from urea excretion, within individuals, between individuals, and across different levels of dietary protein intake. The measurement of urea production is based directly on the dilution of the dose of labelled [15N15N]urea by the urea being produced endogenously and in principle, therefore, it is the measure in which one has most confidence. The variation in plateau enrichment for [15N15N]urea was 11.8 (SD 6*5)% for all the studies. Taken together these results suggest that there are important factors which determine the balance of the rate of urea excretion and hydrolysis, within and between individuals, which have not been considered so far. When the protein intake was restricted to 55 gjd, in protocol 5, there was a modest but statistically significant reduction in urea kinetics, of similar magnitude to the change seen in men when protein intake was progressively decreased (Danielsen & Jackson, 1992; Langran et al. 1992) . However, in this group of women there was no associated increase in hydrolysis as the intake of protein was reduced. No time was allowed for equilibration on the lower protein diet, and this might account for the failure to measure a change in hydrolysis. In reality the habitual protein intake for some women, as assessed by the 24 h dietary recall, was considerably more than the RDA, 55 g/d.
The other statistically significant difference of note in the present study was in the women who were taking the contraceptive pill, for whom there was a relative decrease in the excretion of urea on day 12 of the cycle. We are not able to state at this time whether this difference is of biological importance. The available information on how female hormones affect N retention and excretion in women is limited and often contradictory. These studies have shown that healthy young women have similar urea kinetics values to those of men. In paired studies there was an effect of the level of protein intake. Whereas in women not taking a contraceptive pill there was no measurable effect of the menstrual cycle, in women taking the contraceptive pill there was evidence of altered urea kinetics during the preovulatory phase, which is deserving of further investigation. The basis of the wide interindividual variability in the relative excretion and salvage of urea N is not clear. The differences are greater than can be accounted for by measurement error and are suggestive of genuine biological variation.
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